Simulation of an Urban Logistic Space for the Distribution of Goods in Belo Horizonte, Brazil  by Oliveira, Leise Kelli de et al.
 Procedia - Social and Behavioral Sciences  125 ( 2014 )  496 – 505 
1877-0428 © 2014 The Authors. Published by Elsevier Ltd.
Selection and peer-review under responsibility of the Organising Committee of the 8th International Conference on City Logistics.
doi: 10.1016/j.sbspro.2014.01.1491 
ScienceDirect
8th International Conference on City Logistics 
Simulation of an Urban Logistic Space for the Distribution of 
Goods in Belo Horizonte, Brazil 
Leise Kelli de Oliveiraa*, Bárbara Regina Pinto e Oliveiraa, Vagner de Assis Correiaa 
aUFMG, Belo Horioznte, 31515-212, Brazil 
Abstract 
Urban goods distribution, which is responsible for the continuous supply of commercial activities, is strongly related to the 
development of local and national economies. However, the fast and uncontrolled growth of urban centres and the high 
competitiveness of the distribution services also generate many negative effects. Despite the great population increase and the 
high development expectations of Belo Horizonte, authorities have not invested enough in city planning, especially the urban 
mobility of 196,000 freight vehicles fleet that moves along the main streets. With the support of simulation and optimisation 
tools, the current research allowed us to analyse the impacts of an Urban Logistics Space (ULS) operation in the Central Area 
of Belo Horizonte. It was possible to verify the potential increase of efficiency in the logistics system and the reduction of 
adverse impacts generated by the goods distribution in this area.  
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the Organising Committee of the 8th International Conference on City 
Logistics. 
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1. Introduction 
Many different types of goods are distributed or collected daily on the main streets of the urban centres. Goods 
transported include food, medication, mail, construction materials, as well as the residue resulting from domestic 
and industrial activities and so forth. 
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Besides being essential for the supply of commercial activities and the economical development of large urban 
centres, urban goods movement generates several social, environmental and even economical problems, such as 
increased traffic jams, excessive emission of pollutants and inefficient supply chains.  
Due to the strong negative impact of these problems, since the last decades of the twentieth century, freight 
transportation has played an increasingly important role in the strategic urban planning of different countries. 
Several interventions have been proposed based on the city logistic concept, whose goal is to search for sustainable 
solutions that can contribute to local economic development, thus minimizing the impact of urban freight 
transportation. Among the solutions, we can mention the Urban Logistic Space (ULS), the focus of the present 
study.  
An ULS is an area located within the urban centres used by companies from different sectors, in order to 
improve the efficiency of products delivery in the region that they operate. ULS participate in the intermediate 
stage of the goods movement between the factories or the distribution centres, and the end customers. In this space, 
large trucks may unload the goods carried, which will then be loaded in smaller and cleaner vehicles and delivered 
to the end customers. The development of a space like this can be complex and long-term, but can greatly reduce 
the impact of problems caused by urban goods transportation. 
However, it must be noted that much still needs to be done so that the transportation of goods becomes 
effectively part of urban planning. According to Prata & Arruda (2007), it is usual to associate the term urban 
transportation only with public passenger transportation. Public authorities invest so little in the planning and 
improvement of urban goods transportation, which is often handled by the private sector. 
Given the great importance of this subject the purpose of the present study is to develop a simulation model able 
to represent the operation of a ULS, and then to generate indicators to evaluate the performance of this space 
according to different operating configurations, in order to analyze the economic and environmental impacts of the 
urban goods distribution. 
A review of urban goods distribution and the problems originating from it is first presented. In the third section, 
we consider one potential solution for these problems based on the concept of urban logistics. In the fourth section, 
a case study is presented. The last section presents the results and conclusions regarding the proposed methodology 
and its application in Belo Horizonte. 
2. Urban Goods Distribution in Belo Horizonte (Brazil) 
Urban goods distribution is responsible for the continuous supply of commercial activities within the city 
centre. Many different types of goods are distributed or collected daily on the main streets of a city. Among the 
goods transported, there is food, medication, mail, construction materials as well as the residue resulting from 
domestic and industrial activities and so forth. 
In Belo Horizonte, the importance of freight urban distribution can be proved by the growth of the urban 
population. According to IBGE (2010), the situation in Minas Gerais State is similar to elsewhere in the country; 
about 80% of municipalities have more than half of their population living in urban areas. In Belo Horizonte, 100% 
of the population (2,375,151 people) is urban. 
According to the National Traffic Department (DENATRAN), in order to ensure that the demands of local 
businesses are met, a fleet of approximately 196,000 cargo vehicles circulate among the main streets of Belo 
Horizonte, an increase of about 70% in the last decade. 
Even though the freight vehicles represent only 2.3% of the total fleet of the city (1.44 million vehicles), they 
are primarily responsible for the problems related to urban freight distribution, such as: 
x Noise and pollutants emissions, which are harmful to the environment and human health, including, carbon 
monoxide (CO) and oxides of nitrogen (NOx), 
x The high consumption of non-renewable resources, including fuels,  
x The deterioration of the urban infrastructure, 
x The inefficiency of the logistic system of freight distribution, which is directly implied in the increasing costs 
associated with these activities. 
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Moreover, the unavailability of loading and unloading spaces – often occupied by private vehicles – usually far 
from the major goods distribution points, forces the transportation system to self-adjust, therefore exacerbating the 
problems already mentioned. 
In Brazil, there are few initiatives for increasing the effective participation of freight transportation in urban 
planning. This lack of intervention by the Government allows the system to operate in a disorderly manner, 
implying not only the increase of its inefficiency, but also aggravation of the negative impact of freight 
transportation in urban areas. 
3. Urban Logistics Space 
As already mentioned, logistics activities are critical to the economic expansion of large urban centres. The 
proximity of logistics centres to metropolitan areas can be crucial to the efficiency of these services. The problem 
nowadays is that, with the territorial expansion and population increase of metropolitan cities, logistics centres are 
each day more distant from the urban areas. 
According to Dablanc & Rakotonarivo (2010), this deviation movement of the logistics centres is called 
logistics sprawl. Very common in big cities, logistics sprawl results from the pressure exerted by the government 
in an attempt to reduce the flow of freight vehicles in urban centres, and to free up space to sustain population 
growth. However, it should be taken into account that this movement generates other negative impacts, such as the 
increase of distance travelled by heavy vehicles to their end customers. 
In order to resolve this paradox several innovative and sustainable solutions are being developed, based on the 
concept of city logistics. According to Taniguchi, Thompson, Yamada & van Duin (2001), city logistics must be a 
process of full logistics activities optimisation performed by entities (public and private) in urban areas, 
considering the social, environmental, economic, financial and energy impacts. Thus, the concept of urban logistics 
arises in seeking to balance to the different objectives and needs of actors involved in the distribution of goods. 
Among these solutions we can highlight the Urban Logistics Space (ULS). 
A ULS is an area located within the urban centres used by companies from different sectors to improve the 
efficiency of their logistic system. Its goal is to reduce the total distance travelled by freight vehicles in urban 
centres by unloading these vehicles in a defined area. From this area, smaller and less polluting vehicles can be 
used, such as bicycles, to continue the distribution to the end customers. Fig. 1 illustrates the flow of goods in a 
supply chain that uses a ULS as a facilitator of deliveries. 
Fig. 1. Supply chain of a company that uses a ULS in its logistic system  
499 Leise Kelli de Oliveira et al. /  Procedia - Social and Behavioral Sciences  125 ( 2014 )  496 – 505 
The last mile, the small displacement made within urban areas before the freight vehicles reach their final 
consumers, is considered the most expensive movement in the supply chain, eventually reaching 75% of the total 
cost of the activities involved in the distribution (Geavers, Voorde & Vanelslander, 2009). Several factors are 
related to this high cost, including: 
x The high failure rate of deliveries. It happens when the end customer is not available to receive the delivery, or 
when the truck cannot enter the urban centre because of the existing time restrictions for these types of vehicles; 
x Underutilisation of the vehicle’s capacity. In other words, this occurs when the vehicle is used to carry a low 
volume of goods to the urban centres; 
x The strong impact of the poor condition of road infrastructure, and the time wasted in the traffic jams or looking 
for available places to load or unload the vehicle. 
All these factors can be minimised by the integration of an Urban Logistic Space in the supply chain of a 
company. 
4. Case Study: Urban Logistic Space in Belo Horizonte 
Built in the late nineteenth century, Belo Horizonte was the first planned Brazilian city. The city's original plan 
did not take into account the territorial expansion and population increase that occurred during its first century. 
Besides being among the ten most populous cities in Brazil, Belo Horizonte also stands out for its high 
performance in the global ranking of growth. According to a recent report by Global Metro Monitor, of the list of 
the 200 most promising metropolitan areas in 2011, Belo Horizonte ranked in 28th place, ahead of major Brazilian 
cities such as Brasilia (34th), São Paulo (37th) and Rio de Janeiro (42th). 
Despite the fast growth and the good development expectations of Belo Horizonte, public authorities have not 
invested so much in the planning of the freight urban distribution in the city. 
Only in the twenty-first century, have the authorities begun to analyse and develop policies to improve the 
circulation of cargo vehicles in its Central Area. In 2003, the Mobility Plan of Belo Horizonte (PlanMob-BH) was 
created by the Belo Horizonte City. This project was developed from an analysis of current conditions of the city in 
terms of people and goods flow via all modes of transportation. The purpose of this plan is to create alternatives for 
urban mobility in Belo Horizonte, valuing efficient solutions from the point of view of environment and energy 
resources. It is expected that these solutions will be adopted until 2020. 
Parallel to the development of the PlanMob-BH in 2007, Belo Horizonte City also created restrictions on the 
circulation of freight vehicles (more than 6.5 metres and 5 tonnes) in the city centre. The adoption of these 
restrictions aims to reduce problems related to the efficiency of urban freight distribution and to the quality of the 
resident’s life, since in less than 10 years, the total fleet of vehicles of Belo Horizonte increased from 706,480 
(2001) to 1,442,566 (2012), representing a growth of about 104% (Denatran, 2012). 
Despite these regulatory measures, it is not difficult to find freight vehicles circulating outside the allowed 
hours, or parked in forbidden places because of the unavailability or the lack of places for loading and unloading. 
Moreover, measures like this, adopted without the integration with other policies may exacerbate the problems 
caused by the urban goods movement, such as noise and pollutant emissions, as well as traffic jams. For the 
Brazilian Syndicate of Truck Drivers, the restrictions adopted in the Central Area of Belo Horizonte has caused 
many negative impacts on traffic, since the goods are now being transported on many smaller vehicles, leading to 
increased traffic flow in the area. Given the above, it is clear the importance of research aimed at analysing and 
improving the freight transportation system in Belo Horizonte. 
5. Methodological procedures for the simulation 
As already mentioned, the objective of this study is to develop a simulation model able to represent the 
operation of a ULS in Belo Horizonte, and then to generate indicators to evaluate the performance of this space 
according to different operating configurations. 
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The development of the simulation model included several steps. In the first stage, some information about the 
current situation of urban goods distribution in Belo Horizonte was collected. After that, it was possible to define 
the ULS as a potential solution for Belo Horizonte, but to represent this problem in a simulation model it was 
necessary to determine some assumptions. Finally, the model was developed allowing analysis of the operation of 
a ULS in the Central Area of the city. The steps for the development of the simulation model are shown in Fig. 2.  
Fig. 2. Steps for the development of the simulation model 
5.1. Identification of a potential area for the development of the study 
The Hipercentro in the Central Area of Belo Horizonte was the focus of this work, as the main commercial 
activities are concentrated in this region, the problems generated by the distribution of goods are even more intense. 
According to research, on average, every 15 minutes approximately 70 vehicles enter the Hipercentro, and 64 
vehicles leave this region. Besides its high traffic flow, the illegal occupation of loading and unloading spaces in 
this area is quite significant. Approximately 49% of the vehicles that park in spaces for loading and unloading are 
private vehicles, which often make these spaces inoperable for urban distribution.  
To pinpoint the exact location where to simulate the development and operation of an Urban Logistic Space in 
Belo Horizonte we analysed several potential areas in the Hipercentro area. It is understood as a potential location, 
territories with high demand for areas of loading and unloading, and which have advantages over: (i) accessibility, 
(ii) proximity to the main commercial points of the urban centre, and (iii) availability to be used for other means.  
Based on these conditions, we chose Goitacazes Street. Besides being in the heart of the central area, close to the 
major commercial concentrations of Belo Horizonte, the construction of a ULS in Goitacazes Street would not 
present a major impact on the traffic flow of the area. 
To analyse the operation of the ULS in this location, the beverage distribution market was chosen as focus of 
this paper. Besides representing a considerable market share in the region, the beverage industry has two unique 
characteristics: high frequency of delivery orders at low volumes. Such features make this industry a good 
reference for the simulation model of the ULS, since the low volume of the deliveries could be met by the 
inventory held at the ULS and the capacity of the small vehicles. In this study we considered that goods would be 
transported from the ELU to the end customers by bicycle, which was suggested as a solution to urban distribution 
by Maes & Vanelslander (2010). 
5.2. Premises 
As it was not possible to access any detailed and reliable information about the distribution of beverages in Belo 
Horizonte, it was necessary to define some hypotheses to model the system. We assume that:  
x Every day one freight vehicle arrives at the ULS at 4 a.m. We considered this time because according to the 
local restrictions heavy vehicles may circulate in the Central Area only until 7 a.m., 
x Each truck has a capacity of 600 drink boxes, 
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x Each bicycle has a capacity of 10 drink boxes, 
x The load and unload time of each box varies according to a triangular distribution: TRIA (8, 19, 30) seconds, 
x The ULS supplies 90 customers located within a radius of 500m. The demand of these customers can vary 
according to a triangular distribution: TRIA (3, 7, 10) boxes, 
x The average travel time from the ULS to the customer with a bike also follows a triangular distribution: TRIA 
(3,4.5,6) minutes, 
x The return of recyclable or reusable boxes from the clients to the ULS was not considered in the study, and 
x It was considered that the ELU works every day of the week from 8 a.m to 6 p.m. 
After defining these premises it was possible to create a conceptual model to represent and simulate the 
operation of the ULS.  
5.3. Conceptual Model 
The creation of a conceptual model enables better understanding of the logic of the system. The Activity Cycle 
Diagram (ACD) models the interaction between entities of the system. The ACD includes the principle of 
parsimony, as it uses only two symbols to describe the lifecycle of entities: a circle, which represents a "queue", 
and a rectangle, which represents an "activity" (Chwif & Medina, 2010). In other words, in this diagram the entities 
can only assume two states: waiting in line for the release of a process or participating in this process. 
Fig. 3. Activity Cycle Diagram of a ULS 
In this conceptual model, showed in Fig. 3, five entities were considered, which are represented by the 
respective connectors: 
x The trucks (                  ), 
x The orders (                 ), 
x The stock (                 ), and 
x The bycicles (                  ). 
The activities of arrival, parking and unloading of the trucks, and the arrival and delivery of the orders were also 
considered. As pre-defined in the premises, all activities have their duration described by a constant or a 
probability distribution. 
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In the model, as soon as the truck reaches the ULS, its first activity is to wait for the release of a parking spot. 
After the space has been released, the truck parks and waits for the release of a space in the inventory. For each 
box unloaded, the truck checks again the stock availability, ending this cycle only after discharging all its capacity. 
The delivery order cycle works similarly, as the order arrives in the ULS it awaits the availability of an amount of 
boxes and a bicycle. Only after that can it be delivered to the customers. 
5.4. Implementation and validation of the simulation model 
In order to implement the simulation model the software Arena, version 11:00:00, was used as represented in 
Fig. 4 and 5. 
  
Fig. 4. First module of the ULS simulation Fig. 5. Second module of the ULS simulation 
The verification and validation of the model was made as follows: 
x Modular Verification: simulation tests were made to correct specific errors in each implemented part of the 
model,  
x Deterministic Verification: several tests were developed based on the input of simple data, so that it was 
possible to find errors from simple mathematical calculations, and 
x Motion Graphics: from the observation of the implemented model it was possible to validate the system’s 
behaviour. 
6. Results 
To analyse the results of the simulation model an initial scenario was constructed with the parameters shown in 
Table 1.  
Table 1. Input data of the initial scenario 
Parameters Value 
Time between truck arrivals 1 truck/day 
Number of unloading spaces 1 
Maximum capacity of each truck 600 boxes 
Time to load/unload (seconds) TRIA(8, 19, 30) box 
Storage capacity of the stock 600 boxes 
Time between order arrivals 90 orders/day 
Number of boxes per order TRI (3, 7, 10) 
Number of bicycles available 10 
Time travel to the client (minutes) TRIA (3, 4.5, 6) 
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For these input data the results shown in Table 2 were generated. Regarding the system performance, we can 
note that 100% of the orders are delivered. Otherwise, the average waiting time of the orders is approximately 12 
hours. Therefore, although the initial scenario satisfies 100% of the demand, it is probably not the optimal 
configuration; there may be other scenarios that can satisfy the demand with a delay much shorter than that 
obtained in this first scenario. 
Table 2. Simulation results for the initial scenario 
Parameters evaluated Results 
Percentage of deliveries that were satisfied 100% 
Average boxes per order 7 
Average waiting time of an order (hours) 12 
Average waiting time of a truck (hours) 0 
Occupancy rate of the unloading space 12% 
Occupancy rate of the inventory 16% 
Occupancy rate of the bicycles 8% 
 
In simulation projects that include a large number of input variables, it is recommended to run the model for 
different scenarios. These scenarios allow information about the system’s behaviour to be acquired.  
In the present work, we used OptQuest to continue looking for other scenarios. This optimisation tool is 
available in the software Arena, and has the great advantage of automatically generating the simulations, always 
looking for the best solutions. To start the process of optimisation we went through the following steps: 
x Definition of the decision variables and their ranges of variation (Upper Bound and Lower Bound): (i) Number 
of bicycles available in the ULS [10, 30] and (ii) Capacity of the stock [600, 1800] boxes, 
x Definition of the objective function of the problem: minimise the waiting time of a truck for the availability of a 
bay to unload (WT1) and for the availability of place in the stock (WT2), and the waiting time of the orders for 
the availability of inventory (WT3) and for the availability of a bicycle (WT4) (Min WT1 + WT2 + WT3 + 
WT4), 
x Definition of the constraints of the problem: (i) Total waiting time of a truck less than or equal to 1 hour: WT1 
+ WT2 İ 1 and (ii) Total waiting time of an order less than or equal to 4 hours: WT3 + WT4 İ 4, and 
x Set the number of scenarios to be generated and the number of replications to be done for each scenario: (i) 
Number of scenarios generated: 50 and (ii) Number of replications for each scenario: 10. 
During the generation of different scenarios and the search for viable solutions, OptQuest allows the user to 
display the value of the objective function for each scenario analysed by a graphic similar to that shown in Fig. 6. 
The objective function value above 4 hours represents the scenarios whose configurations are not able to satisfy the 
restrictions imposed for the system. 
 
Fig. 6. Objective function for different scenarios 
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As noted in Table 3, scenarios 11, 42 and 43 are examples of infeasible solutions because, although they respect 
the constraint of waiting time for trucks, they do not respect the constraint of waiting time for an order. Scenarios 5 
and 50 are examples of feasible solutions, where both the constraints are respected.  
Table 3. Results of the optimization 
Scenario 
Objective 
Function 
(hours) 
Stock capacity 
(boxes) 
Number of 
bicycles 
Average waiting 
time of the truck 
(hours) 
Average waiting 
time of an order 
(hours) 
11 15 768 12 0 15 
42 10 882 17 0 10 
43 16 600 20 0 16 
50 4 1284 30 0 4 
Best Solution 
5 4 768 29 0 4 
 
As can be seen, the fifth solution as indicated by OptQuest is the best among the scenarios analysed. In addition 
to meeting the two constraints of the problem this solution uses a smaller amount of resources compared with other 
viable scenarios generated by the optimisation. With a capacity of 768 boxes in the stock and 29 bikes this 
configuration is able to satisfy 100% of the demand without breaking the restrictions. The results obtained indicate 
that you can bring several advantages to those involved in the urban distribution of goods with the implementation 
of an Urban Logistics Space. These advantages are summarised in Table 4. 
Table 4. Advantages of the construction of a ULS in Belo Horizonte 
Advantages Actual Situation Proposed Situation 
Reducing the number of trips made by 
freight trucks to urban centres. 
Three vehicles with a capacity of 210 
boxes each make the daily delivery in 
the region studied. 
With the implementation of ULS, 
only a vehicle with a capacity of 600 
boxes per day would be necessary to 
satisfy the demand in the region. 
Reducing the average waiting time for 
the availability of the 
loading/unloading spaces. 
41% of freight vehicles wait between 
0 and 60 minutes to find a parking 
space 
With the implementation of ULS, the 
trucks would not spend time looking 
for places to load/unload. 
Reduced number of freight vehicles 
moving between the pathways of the 
central region, thereby reducing the 
pollutants emission, noise and the 
urban congestion. 
Nowadays, freight vehicles are the 
main factors of air pollution. 
With the implementation of ULS, 
lighter and cleaner vehicles would be 
used in the last mile, reducing the 
amount of pollutants emitted by the 
trucks. 
Reducing the total delivery cost of the 
last mile. 
Currently, this cost can reach 75% of 
the total cost of the activities involved 
in the urban goods distribution. 
The use of smaller and more 
economical vehicles in the last mile 
not only reduces the distribution cost, 
but it also increases the efficiency of 
the logistics system. 
 
These results, among others, reveal the importance of the ULS to improve the freight urban distribution in Belo 
Horizonte. 
7. Conclusion 
Despite the fast growth and the good development expectations of Belo Horizonte public authorities have not 
invested much in the planning of the city, especially regarding the urban freight distribution. Currently goods 
distribution in the city is still far from what is considered desirable for the proper functioning of the logistic 
system. 
Given the great importance of this subject, the purpose of the present study was to develop a simulation model 
able to represent the operation of a ULS in the central area of Belo Horizonte. After developing the model, we 
505 Leise Kelli de Oliveira et al. /  Procedia - Social and Behavioral Sciences  125 ( 2014 )  496 – 505 
were able to evaluate the performance of this space with several configurations according to different numbers of 
parking areas, workers, bicycles and inventory capacities. 
The results obtained indicate that the developed model can bring several advantages to those involved in the 
urban distribution of goods, such as: 
x Reduction of the number of trips made by freight trucks to urban centres, 
x Reduction of the average waiting time for the availability of a place for loading and unloading, 
x Reduction of the number of cargo vehicles moving between the main streets of the Central Area of Belo 
Horizonte, thereby reducing the emissions of pollutants, noise and urban congestion, and 
x Reduction of the total cost involved in the movements of the last mile. 
These results, among others, reveal the importance of the ULS as a project  to improve the freight urban 
distribution in Belo Horizonte. 
During the development of this study, it was possible to observe that the application of such a solution is only 
possible through the integration of the various stakeholders involved in the urban freight distribution, particularly 
regarding the public sector, which should act as a facilitator of research like this. 
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